Aims: The role of the serotonin transporter gene (SLC6A4) in alcohol dependence (AD) is still unclear. In this paper, we have evaluated the association of the SLC6A4 gene polymorphisms 5-HTTLPR and rs25531 in AD and assessed the polymorphic patterns both in alcoholics and in healthy people of an Italian population. Methods: Genotyping of the 5-HTTLPR (L/S) and rs25531 (A/G) polymorphisms of the SLC6A4 gene was performed on 403 alcoholics outpatients and 427 blood donors. Results: Comparing AD and control populations and taking into account statistical correction for multiple testing, we found no statistically significant differences for 5-HTTLPR (L/S) and rs25531 polymorphisms in terms of either genotypes or alleles frequencies. By univariate ANOVA, a statistically significant difference was found in the onset of AD: the mean age of onset resulted to be of 25.4 years in males in respect to 28.1 in females. In particular in males, the early AD onset was different, in a statistically significant manner, depending on the presence of at least one S or L g allele (24.6 years) in respect to L a homozygotes (27.5 years) (P = 0.03). Conclusions: These findings suggest that genetic factors contribute, together with gender and age, to the onset differences in alcohol-dependent phenotypes.
INTRODUCTION
Alcohol dependence (AD) is a serious and common public health problem constituting the leading cause of a wide variety of morbidity and mortality conditions in many developed countries, influenced by genetic and environmental factors. Identification of genes influencing addiction susceptibility could help to find efficacious treatment options that could improve treatment and patient care. However, identification of causal genes is difficult due to the polygenic inheritance underlying addictive behavior. Several studies have suggested that different subtypes of alcoholism may have distinct neurobiological basis (Cloninger et al., 1996; Leggio et al., 2009) .
Genes involved in neurotransmission regulation have been analyzed as potential genetic risk factors for AD. Altered serotonergic neurotransmission is hypothesized to be central to the pathogenesis of a wide range of CNS disorders including alcoholism (Muller and Homberg, 2015) .
The serotonin transporter protein (5-HTT, SERT) gene (SLC6A4) has been heavily studied owing to the fact that: (a) it plays a critical role in determining magnitude and duration of serotoninergic neurotransmission through 5-HT reuptake into presynaptic neurons (Lesch and Mossner, 1998), (b) there is evidence that the 5-HTT gene is associated with alcoholism (Matsushita et al., 2001 ) and subtypes of alcoholism (Parsian and Cloninger, 2001 ) and (c) pharmacologic compounds such as serotonin specific re-uptake inhibitors (SSRIs) or the 5-HT3 antagonist ondansetron, have been shown to have important therapeutic applications (Gill and Amit, 1989; Kenna, 2010; Johnson et al., 2011; Kranzler et al., 2011) .
The serotonin-transporter linked polymorphic region (5-HTTLPR) is one of the most investigated polymorphisms in alcohol addiction. This functional polymorphism, due to a 43 bp insertion/deletion polymorphism in the 5 0 -regulatory region, results in two common allelic variation of different length and activity, a long (L) allele containing 16 repeats and a short (S) allele containing 14 repeats . The 5-HTTLPR has been associated with functional differences in serotonin reuptake (Lesch et al., 1996) . Compared to the long version, the short version of 5-HTTLPR is linked to reduced transcriptional activity and to lower levels of serotonin uptake in lymphoblast cells, resulting in increased availability of serotonin in the synapse and down regulation of post-synaptic binding sites (Lesch et al., 1996) . Allelic L/S variation in 5-HTTLPR has been implicated in alcohol use disorders relative to several domains, such as alcohol craving (Bleich et al., 2007) and relapse dependence (Pinto et al., 2008) . However the association with specific alleles remained inconsistent, with variations according to alcohol subtype, type of drinking behavior, ethnicity, comorbid diagnoses or age of onset. Findings of meta-analyses that have examined the role of the 5-HTTLPR in AD indicated that there was a significant but modest association with the S allele (Feinn et al., 2005; McHugh et al., 2010; Cao et al., 2013) . In addition to the L/S alleles, the expression level of 5-HTT is affected by several polymorphisms (Battersby et al., 1999; MacKenzie and Quinn, 1999; Hu et al., 2006; Wendland et al., 2008; Lipsky et al., 2009; Seneviratne et al., 2009) . In particular, the single nucleotide polymorphism rs25531 has been shown to modulate the effect of 5-HTTLPR on transcriptional efficiency. The rs25531 is a functional polymorphism with an A to G variation, which creates a functional AP2 transcription-factor binding site that acts as a repressor of gene transcription (Hu et al., 2006) . Thus, modulation of 5-HTTLPR by rs25531 results in three common alleles: LA (high-expressing), LG and S (both low expressing) which appear to act co-dominantly.
Only few studies evaluated the 5-HTT tri-allelic polymorphism among alcoholic subjects (Philibert et al., 2008; Thompson et al., 2010; Enoch et al., 2011; Wang et al., 2012) , and more recently (Kranzler et al., 2011) it has been shown that the 5-HTT tri-allelic genotype acts as a moderator of AD pharmacological treatment in different subtypes of alcoholism.
Thus, studies in different populations are necessary to evaluate the relevance of the 5-HTT tri-allelic polymorphism with alcoholic subtypes taking into account both gender and age of onset of AD. To our knowledge no data are available in the Italian population, for both the 5-HTTLPR and rs25531 polymorphisms as risk factors for AD. Therefore, to contribute in this field, we assessed the polymorphic patterns of the 5-HTTLPR and rs25531 tri-allelic polymorphism, both in alcohol-dependent and in healthy people within a Central Italy population.
METHODS

Subjects
Alcohol-dependent patients were recruited by the Centro di Riferimento Alcologico della Regione Lazio, Sapienza University of Rome, Italy. The case series consisted of 403 individuals: 319 men (79%) and 84 woman (21%) diagnosed as alcohol-dependent as assessed by the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders-Text Revision (DSM IV-TR; American Psychiatric Association, 2000). All patients were assessed for alcohol use parameters using a semi-structured questionnaire to collect the following clinical data: ethnicity, age at onset of dependence, duration of AD. AD subjects with associated psychiatric disorders were not included in the study. The clinical and demographic characteristics of patients are reported in Table 1 . Four hundred and twenty-seven unrelated control subjects, age-(43 ± 11.4, range 20-63) and sexmatched, (287 men: 67% and 140 woman: 33%) were recruited among blood donors whose healthy status, including alcohol drinking habits, was checked by a written questionnaire. All the subjects were Caucasian and from Central Italy. Informed consent to the study procedure was obtained from all the alcoholics and control subjects. The study was approved by the local Ethical Committee of Sapienza University of Rome (rif. 1636). Age of onset: classified in two groups (split by gender), respect to AD total sample median.
Genotyping
−888 (5 0 GAGGGACTGAGCTGGACAACCAC) previously described by Gokturk and colleagues (Gokturk et al., 2008) (Fig. 1) . Briefly, PCR was performed in a final volume of 50 μl containing 100 ng DNA, 1.5 mM MgCl2, 200 μM dNTPs, 50 mM KCl, 10 mM TrisHCl ( pH 8.3), 0.25 μM of each primer, 5% DMSO and 1 U of Promega Taq DNA polymerase. Initial denaturation was at 95°C for 3 min, followed by 30 cycles at 94°C for 30 sec, 63°C for 30 sec and 72°C for 30 sec. PCR products (458/415 base pairs) were resolved by 1% agarose gel electrophoresis and stained with Syber Safe (Invitrogen). The rs25531 functional SNP was genotyped starting from a PCR reaction specific for the (L) allele; the forward primer was 5-HTTF (described above) and the reverse primer was 5HTTR4, corresponding to nucleotide positions from −1241 to −1224 (5 0 ATGCTGGGGGGGCTGC AG3 0 ) (Fig. 1 ). This latter, spans 9 bases at the 5 0 end into the zone deleted in the S allele of the 5-HTTLPR, allowing the PCR amplification of only the L allele when present. The amplification was performed in a final reaction volume of 15 μl containing 100 ng of genomic DNA, 1.5 mM MgCl2, 175 μM dNTPs, 50 mM KCl, 10 mM Tris-HCl ( pH 8.3), 0.4 μM of each primer, 5% DMSO and 1 U of Promega hot start GoTaq DNA polymerase. Initial denaturation was performed at 98°C for 3 min, followed by 28 cycles at 94°C for 30 sec, 64°C for 30 sec and 72°C for 30 sec. PCR product (124 base pairs) was resolved by 1% agarose gel electrophoresis and stained with Syber Safe (Invitrogen). Before the Mini-sequencing reaction, the amplicon was purified from exceeding nucleotides and primers, coming from the previous amplification. A solution containing 1.2 U of Shrimp Alkaline Phosphatase (FastAP Fermentas 1 U/μl), 6 U of Exonuclease (ExoI Fermentas 10 U/μl) in 1x Exonuclease buffer (ExoI 10x Buffer Fermentas) was added to every sample and the whole incubated for an hour at 37°C and then 15 min at 80°C as enzyme denaturation step. The Mini-sequencing reaction was performed with 2 μl of the purified amplicon together with 5 μl of the Multiplex Ready Reaction Buffer (MRRM, ABI Prim® SNaPshotTM Multiplex Kit, Applied Biosystems) and 1 μl of the Mini-sequencing forward primer H5HTTProA/GF (+) 5 0 AAAATCCCCCCTGCACCCCC3 0 . A denaturation step at 96°C per 10 sec was followed by an annealing step at 50°C per 5 sec and an extension step at 60°C per 30 sec, all steps were repeated 30 times. The amplified fragment was resolved in an ABI PRISM 3130XL genetic analyzer using a POP6 polymer and a 120 LIZ as size standard (Applied Biosystems); genotype was established with GeneMapper software ver.4.1 (Applied Biosystems). Before the run all the samples underwent an adjunctive step of purification adding 0. 
Statistical analysis
Chi-square (χ 2 ) test was used to determine differences in allele and genotype frequencies between alcohol-dependent patients and control subjects. Deviation from the Hardy-Weinberg equilibrium (HWE) was assessed using the Court lab-HWE calculator program (http:// www.tufts.edu). In all these analyses, a nominal level of significance P = 0.05 was accepted and corrected according to the Bonferroni procedure (the corrected alpha is 0.05/N = with N number of contrasts = 6 considering alleles, gender and age at onset groups, p correct = 0.008). The age of onset continuous variable was analyzed in two ways:
(a) it was divided into a dichotomous variable, based on the median calculated over the whole group of patients and on the basis of gender in two groups: ≤25 and >25 years (Table 1) . This division has allowed us to analyze the genotype and allele frequencies of the 5-HTTLPR tri-allelic and bi-allelic polymorphisms in controls and AD subjects by chi-square test; (b) factorial analyses of variance (ANOVA) of AD onset, also including the gender, were utilized to assess the allele influence on onset of disorder and possible interactions with the gender. For ANOVA the level of significance was set at P < 0.05, but, in order to prevent overestimation of statistical significance for small data, the Yates' correction was applied. 
RESULTS
As a first step we compared AD and control populations. Alcoholdependent patients (n = 403) and controls (n = 427) were analyzed to assess 5-HTTLPR and rs25531 genotype. This latter was tested using an L allele specific PCR as template for minisequencing, this has allowed us to completely exclude the S allele (always low expressing) from genotyping and to correctly estimate the percentage of high and low expressing L alleles. These results are shown in Table 2 . The genotype frequencies did not deviate from those predicted by Hardy-Weinberg equilibrium for 5-HTTLPR in controls (χ 2 = 0.17, P = 0.67) and alcoholics (χ 2 = 1.16, P = 0.28) and for rs25531 in controls (χ 2 = 0.52, P = 0.47) and alcoholics (χ 2 = 0.04, P = 0.82). The distribution of genotypic and allelic frequencies of 5-HTTLPR and rs25531 polymorphisms was similar in controls and alcoholdependent patients and no statistically significant differences were found whether using tri-allelic or bi-allelic classification. All the genotype and allele frequencies of the 5HTTLPR we found were consistent with those previously reported in the European descent control population (Gelernter et al., 1997) . We also analyzed genotype and allele frequencies as a function of gender. No statistically significant Table 2 . Genotype and allele frequencies of the 5-HTTLPR tri-allelic and bi-allelic polymorphisms in controls and alcohol-dependent subjects difference was observed between controls and alcoholic patients for both the tri-allelic and bi-allelic polymorphisms, as shown in Table 2 . Finally, we assessed whether 5-HTTLPR or rs25531 polymorphisms influenced other clinical parameters, namely age of onset, in both the female and male alcoholic groups as compared to controls. As shown in Table 3 there was no significant variation, after statistical correction for multiple testing, for both the 5-HTTLPR and rs25531 polymorphisms in the alcoholic patients with respect to controls. Females, however, with AD before or at age 25 were found to have a higher frequency of the L allele (0.65) of the 5-HTTLPR polymorphism with respect to female controls (0.50), which however does not reach the statistical significance if corrected for multiple testing. Regarding the tri-allelic polymorphism, no variation was found by comparing rs25531 genotypic or allelic frequencies between alcoholic patients and controls even considering gender or age of onset of AD.
As a second step we analyzed AD population for possible differences related to gender, onset and both 5-HTTLPR and rs25531 polymorphisms. By univariate ANOVA, a statistically significant difference was found in the onset of AD between genders. The mean age of onset resulted to be of 25.4 years in males in respect to 28.1 in females. Furthermore, a statistically significant difference between the AD onset was observed in males with at least one S or L g allele (24.6 years) in respect to L a homozygotes (27.5 years) (F 1,318 = 4.79; P = 0.03). On the contrary, the mean age of onset in AD females with at least one S or L g allele resulted to be higher (28.5 years), although with no statistical significance, than in those L a homozygotes (27.2 years) ( Table 4) .
DISCUSSION
The serotonergic system has been one of the key targets in examining the genetic bases of alcohol use and dependence. Association studies between AD and the 5-HTTLPR have provided mixed results. This has been hypothesized to be due to analyses failing to take into account a common A to G substitution on the L allele (rs25531), which renders it a low expressing variant.
The present study evaluated the association of the two polymorphisms 5-HTTLPR and rs25531 of the serotonin transporter gene with AD in Italian subjects. To the best of our knowledge, this study constitutes the first association report with regard to the tri-allelic polymorphism of the 5-HTT with Italian alcoholic patients. Our results show that the whole alcohol-dependent group did not differ significantly from controls as concerns both the bi-allelic and tri-allelic 5-HTTLPR polymorphisms. Alcohol-dependent subgroup analysis in a number of studies suggested that such an approach may help to resolve conflicting findings of association studies (Hallikainen et al., 1999; Matsushita et al., 2001) . Age of AD onset has been heavily used to subtype alcoholics also because it is considered a moderator of treatment response. Even the stratification of our subjects by gender and age of AD onset revealed a missing association (at least after correction for multiple testing) with the traditional bi-allelic and tri-allelic 5-HTTLPR polymorphisms.
The tri-allelic 5-HTTLPR polymorphism was found to be associated in the male alcoholic group to the early onset. A different trend of S 0 allele was revealed between genders. Males with S 0 alleles have a mean age of onset significantly lower if compared to males without S 0 allele. In females, an opposite trend, although with no statistical significance, can be observed. These results highlight an intriguing opposite effect, in AD males and females, possibly related to 5-HTTLPR genetics.
The majority of the studies examined by meta analytical reviews (Feinn et al., 2005; McHugh et al., 2010; Cao et al., 2013) have been published before the identification of the tri-allelic polymorphism and therefore contained data related mainly to the bi-allelic 5-HTTLPR. However, most of these studies have been performed either on males or on mixed populations with males overrepresented and analyzed versus mixed (male and female) control subjects. Only one study has been performed on alcohol-dependent females (Gokturk et al., 2008) versus a female control group. Results from this study showed a significant association of the female alcoholics patients with the LL genotype, but no subgroup regarding age at onset was Table 3 . Genotype and allele frequencies of 5-HTTLPR tri-allelic and bi-allelic polymorphisms in controls and alcohol-dependent males and females related to age onset Genotype/Allele C M n = 287 AD M n = 319 C F n = 140 AD F n = 84 *χ 2 = 4.38 P = 0.036, df = 1, OR (95% CI) = 1.8 (1.07-3.1): comparison between female controls and alcohol-dependent female ≤25; nominal significance level of P = 0.05 was accepted and corrected according to the Bonferroni procedure (the corrected alpha is 0.05/N = number of contrasts with N = 6 considering alleles, gender and age at onset groups. p correct = 0.008).
analyzed. Johnson et al. (2011) reported no significant association between serotonin transporter genotype and age of onset, not evaluating possible gender differences among the alcohol-dependent subjects studied. It is known that the serotoninergic system is differentially regulated in males and females, with mRNA and binding site densities for 5-HTT being regulated by estrogen (McQuinn et al., 1997 (McQuinn et al., , 1999 Sakay et al., 2006; Jovanovich et al., 2008) . However, the genetic effects of the 5-HTTLPR on gender differences in AD are largely unknown.
Moreover, serotonin transporter mRNA transcription seems to be regulated also by epigenetic mechanisms (Philibert et al., 2007) , even if their contribution and relationship to CNS disorders remain to be determined. In lymphoblast cell lines there is a genotype specific effect of methylation on 5-HTT mRNA production, with the L allele being associated with lesser amounts of methylation and higher amounts of mRNA than the S allele (Philibert et al., 2007) . More recently, the same group found that patients with a lifetime history of AD had higher levels of mRNA and they also reported a strong effect of gender on methylation and 5HTT mRNA production (Philibert et al., 2008) .
Studies performed in the area of pharmacogenetic and pharmacotherapy of alcoholism have demonstrated the moderating effects of variations in SLC6A4 (Johnson et al., 2011) in association with age at onset of AD (Kranzler et al., 2011) emphasizing the importance to match medications on the basis of patient genotype.
It should be advisable to increase the number of AD patients to be studied for the 5-HTT genetics, with the aim of a further evaluation of the genetic basis and molecular mechanisms of AD. In particular it appears appropriate to analyze AD population in terms of other genetic and epigenetic modifications, such as a large number of functional polymorphisms as well as methylation patterns, known to affect 5-HTT expression levels.
Our findings suggest that gender and age of AD onset differences may depend on genetic factors confirming the need of gender-targeted researches to improve our knowledge about the biological basis of dependence.
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